Abstract. The more and more high resolution of aerial and ground images, as well as high density of laser data cause that they are more and more widely applied in many engineering projects. Given the current technical parameters, it is also possible to map railway infrastructure not only from the ground level but also from airborne locations (photogrammetry, laser scanning). Testing the usefulness of those data in obtaining information about railway infrastructure, and in particular, in detecting rail heads has been a subject of research of this paper authors. The paper presents results of experiments, consisting in verification of existing solutions and testing own algorithms for an automatic extraction of railway rail heads. The tested algorithms of object detecting and locating produced preliminary, satisfying results.
Introduction
The issue of detecting rail heads from images and laser data is a very practical problem, which the authors have encountered in the course of implementing a research project for PLK (a Polish Railway Company). Marking out with a very high precision rail heads position is indispensable for the calculation of the track axis, which system is the basic one applied in railways (the majority of calculations and standards refer to it).
So far, marking out these positions was effected mainly by means of field land surveying. The authors of this paper propose a methodology of such measurement, which would be based on the most up-to-date laser measurement technology combined with the digital image analysis.
High resolution of aerial and terrestrial images, high density of laser data cause that they are more and more widely applied in many urban, industrial, and environmental studies. Given the current technical parameters, it is possible to map railway infrastructure from remote sensing data, since orthoimages and ALS (Airborne Laser Scanning) data describe with high precision even very small objects. Testing the usefulness of those data in obtaining information about railway infrastructure has been a subject of research by [1] and [2] .
The authors of this report also conduct research on the assessment of possibilities of automatic railway rail head edge detection on the basis of laser data and digital images. Results of research on automatic railway head edge detection based on airborne data (LIDAR) and ground level data (photogrammetric images) have been presented.
Test Object Description
Within the framework of the project implemented by the AGH University of Science and Technology, data were obtained from the airborne level and from the ground level for the town of Sşomniki in southern Poland. Those data were obtained with respect to the determination of railway clearance limits. One of elements of that determination is the defining of railway track layout which, in turn, is defined by, among other things, railway rail heads. This enables also to define the railway track geometry. Railway rails have some specific features, which significantly facilitate the description of rail geometry, namely:
• rails lie on railroad ties,
• rails are linear objects, which can be defined for short distances, e.g. 5 m,
• rail height is 10 cm,
• rail width is 7 cm,
• spacing between rails is 1.435 m,
• maximum track sloping does not exceed 5%
• maximum rail curvature: 5 cm curvature per each 10 m of rail.
Selected Methods of Railway
Track Detection on the Basis of ALS Data
The Intensity-Based Method
In a study of literature [3] in order to classify railway rails, the intensity parameter was used. In the next step approximate railroad track line positions were derived from orthophotos. In order to eliminate noise generated after the intensity classification, appropriate buffers around approximate track line positions were created. All points outside the buffer areas were rejected. This resulted in a correctly identified "rail" class.
Better results of rails selection were obtained for the ALS500 system [3] , where the intensity values for points reflected from the rails were quite stable. However, for the ALS300 system, the intensity value range is wider, main rails reflect laser beams stronger than side rails, moreover the scanning angle affects the strength of pulse return: the larger the angle, the weaker the reflection.
The Template Matching Method
In this method both the railway tracks and traction wires have been detected [4] .
Classification of railway rails was carried out in several stages. The first step is a rough classification. The average height for railway areas was determined and all points located within +/-0.5 m from the mean reference plane were classified as being most likely rails or tracks.
In the second step, a grid is imposed on the so-obtained data with a mesh of 50 cm. Selection of the mesh size is very important and depends mainly on the density of laser points. The third step is the HJD algorithm that detects sudden height jumps. In a single grid mesh the difference in height between the highest and lowest points is determined. If there is a rail in the given grid mesh, this difference should be about 10 cm (Fig. 1 ).
However, due to the noise, the difference is not always clear. Moreover, other railway objects such as signs, electrical devices or platforms, may cause height jumps.
The RANSAC Algorithm Method
The railway track extraction method was presented in [1] .
The RANSAC algorithm (RANSAC is an abbreviation for "RANdom SAmple Consensus") is an iterative method, widely used in the field of statistics in order to match the parametric model of curves to measurement series. This algorithm can also be used to match the point cloud to geometric objects. LSM. This has improved the geometric accuracy of lines by minimizing the RMS error. The width of track was used to ensure the criteria of parallelism. The RANSAC algorithm progressed, as follows:
• automatic decision to fit a line or an arc,
• detection of parallel lines or arcs,
• determination of curve functions using the LSM,
• final conditions (number or density of points),
• the final terms (the number of points or the density of points).
The modification of the RANSAC algorithm
The method described above has been modified in [5] .
It was decided to include in the classification of laser points information contained in orthoimages. The objectoriented analysis was performed on image data. The analysis consisted of four stages, mainly based on segmentation. This allowed to generate a buffer that included the railway track, which significantly reduced the number of laser points in the final track classification.
In the next stage geometric properties, specific for railway track, were utilized. Two criteria were applied: first, that rails protrude above the railroad ties, and, second, that rails do not occur at high angles.
The following criteria were determined:
• difference in height between the analysed point and 
The TerraSolid Algorithm
The track detection algorithm in the TerraSolid software version 0.12 [6] classifies laser points that match the specified elevation pattern. For any set of ground points, the • must have some points in the vicinity, which are 0.05 -0.35 m lower than it,
• o cannot have any points in the vicinity, which would be 0.15 -2.50 m higher than it,
• o cannot have any points in the vicinity, which would be more than 0.35 m lower than it.
Following this initial classification, a result was obtained, as shown in Fig. 3 .
This classification includes obvious errors caused by classifying as tracks points that are not those objects.
In order to improve the accuracy, the next stage is carried out (this time a manual one). It involves manual deleting of the track centre at points initially classified as rails.
The next step is to improve the quality of the track axis and single rails determination through the automatic fitting of curves to the classified points, with the preservation of the curvature condition. The final result is shown in Fig. 4 .
The RANSAC Algorithm
RANSAC is an iterative method of estimating mathematical model parameters from a set of observations, which include gross errors. This is a nondeterministic algorithm in the sense that it produces credible results only within a [7] .
Its basic assumption is the following: the observed data contain points, which can be described with the use of a set of parameters, as well as "outliers", which do not fit the model. The diagram of activity is presented on Fig. 5 .
RANSAC picks up a subset of data randomly (Fig. 5, Step 1), and estimates a parameter from the sample (Fig. 5, Step 2) . If the given model is line, ax+by +c = 0
T is the parameter to be estimated, which is a hypothesis of the truth. If the selected data are all inliers, they can entail a hypothesis close to the truth [8] .
This assumption leads the necessary number of iteration enough to pick up all inlier samples at least once with failure probability α as follows:
where m is the number of data to generate a hypothesis, and γ is probability to pick up an inlier, that is, ratio of inliers to whole data (shortly the inlier ratio). However, the inlier ratio γ is unknown in many practical situations, which is necessary to be determined by users.
RANSAC finally chooses the most probable hypoth- [7] esis, which is supported by the most inlier candidates (Fig. 5, Step 5 and 6). A datum is recognized as the inlier candidate, whose error from a hypothesis is within a predefined threshold (Fig. 5, Step 4) . In case of line fitting, error can be geometric distance from the datum to the estimated line. The threshold is the second tuning variable, which is highly related with magnitude of noise which contaminates inliers (shortly, the magnitude of noise). However, the magnitude of noise is also unknown in almost all applications.
RANSAC solves the selection problem as an optimiza- 
where D is data, Loss is a loss function, and Err is a error function such as geometric distance. The RANSAC loss function is:
Loss(e) = 0 |e| < c const otherwise (3) where c is the threshold.
The RANSAC algorithm was applied with regard to roughly classified points, which constituted railway rails [9] . The procedure was implemented in the MAT-LAB environment. The result, obtained with the use of the RANSAC algorithm, was shown in Fig. 6 .
The Linear Regression Algorithm
An own and simple procedure based on a repeated determination of regression lines was proposed as an alternative to the RANSAC algorithm. The regression line is fitted to the preliminarily filtered points, which constitute rails. In the case under discussion, the line separates two railway tracks (Fig. 7(a) ). Then, to the so-isolated two subsets, next regression lines are fitted which, this time, mark off single rails ( Fig. 7(b) ). Next subsets are produced, to which, analogically, regression lines are fitted.
Those line already determine, yet with a certain approximation, the course of a single rail. In the next step deviations of particular points from the fitted lines are determined. High-deviation points are deleted and the process of regression line fitting runs iteratively (Fig. 7(c) ).
Accuracy analysis of RANSAC and Linear Regression Algorithm
The This is a very efficient algorithm, capable of visualizing points in a very quick way (that library has been written mainly bearing in mind games and 3D operations, hence its unquestionable advantage, that is its operating speed).
Details can be found in literature on the subject [10] .
Experiments were conducted in the test section, re- Figures below (Fig. 8, 9 ) present possibilities of performing edge extraction on rail heads.
The analysis covered places in the image located from three to several metres, while the "ground pixel size" in the image ranges from 1 to 3 mm. Assuming the subpixel accuracy of 0.1 pixels (the accuracy of this method), we obtain the vector (rail edge) location less than 1 mm (0,1 from 1 -3 mm ).
The accuracy of this method and comparison between laser data and images are the subject of current research and will be presented in separate paper.
The authors plan to extend in the future the algorithm of object extraction on digital images by data obtained from laser scanning. It seems that this is a problem more complicated than feature extraction on digital images as 
Conclusion
The literature review, which has been carried out, proves that works on the automation of measurements in digital images and in clouds of points are highly advanced all over the world [1, 3, 4] . Many scientific research centres try to find effective solutions for numerous applications.
However, speaking of today, it is hard to unambiguously identify a program (algorithm) for a "fully automatic extraction" of any objects. The majority of solutions are semi-automatic algorithms, which are based on initial input information (parameters, approximate location, etc.) that makes it possible to speed up the extraction process.
Experiments conducted by the authors of this paper have proved that it is possible to detect rail edges in a semi-automatic way (or in an automatic way, yet con- It is also possible to extract selected railway clearance area infrastructure elements from digital images, but in this case the process of automation needs to be preceded by a proper selection of elements (objects extracted on a low-contrast background produce unsatisfying results).
An algorithm can be effective but it may face problems with the definition of the edge. It must be clear to be defined, i.e. it must contrast with its background. A dark post standing against a dark building cannot easily be detected.
As far as the automation of measurement in the cloud of points is concerned, the issue is more complicated. Compared to an image, there appears the problem of the third dimension. The paper authors believe it is possible to implement edge extraction algorithms on a digital image with data obtained from laser scanning. It is possible that such an algorithm can be developed and tested in the future. One should also note that detection of edges in images only can also be encumbered with an error, despite a precise algorithm. The problem may be related to the visibility of edges. The algorithm is extracting edges based on the image contrast (pixel brightness difference), so it may happen that it is not detecting the actual edge of rail but only the place of a pixel brightness difference that is due to the illumination (the shade may not perfectly be on the edge joint, the more so that the issue of edges on rail head can be a disputable one). Therefore, an ideal solution seems to be that of the integration of laser scanning data supported by digital images.
